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Adsorption of benzene and carbon tetrachloride vapours by proteins is inhibited by the
presence of polar ~roups and the adsorption isotherms cannot be used to give a correct estimate
of the lyophobic surface. Composite adsorption isotherms of benzene-methanol and carbon
tetrachloride-methanol solutions enable fairly reliable estimates of the total surface and sub-
traction of lyophilic surface yields a value for lyophobic surface. Lyophilic-lyophilic interactions
being much stronger, monolayer of methanol is formed even when its mole fraction in the solu-
tion lies between 0·15 and 0·2 while that of benzene (or carbon tetrachloride) is formed when its
mole fraction is close to unity.
IT has been shown previously that adsorptionof polar vapours proceeds in all probability,at polar lyophilic sites constituted by ionic
polar groups. Hence the surface area obtained
from such isotherms is, in fact, a measure of lyo-
philic surface rather than the total surface. Bull
and Breese- have shown that lyophilic groups consti-
tute only a fraction of the total surface of the protein
molecule. Since hydrophobic surface is not involved
in the sorption of water or alcohol molecules from
vapour phase, it was considered worthwhile to study
sorption of non-polar species like benzene and
carbon tetrachloride from vapour as well as solution
phase. The advantage of studying adsorption from
solution phase is that the adsorbent can be kept
for a longer time in contact with the solution under
conditions of continuous mechanical shaking which
improves wettability of the surface. However,
in many cases both the solute and solvent are ad-
sorbed simultaneously (particularly when moderate
to high concentrations are used) and the isotherm
obtained is in fact a composite adsorption isotherm.
But even then it is possible to calculate isotherms
of individual components following the treatment
suggested by Kipling and coworkers--".
Materials and Methods
Soybean proteins and their glycinin fractions
were isolated from Punjab soybean No.1 and Bragg
varieties while peanut protein and its fraction,
arachin, were isolated from C 501 variety of peanut
protein of Punjab Agricultural University, Ludhiana.
The methods used were the same as reported earlier? .
Wheat protein (gluten) was a BDH (AR) sample
and its fractions, glutenin and gliadin were recovered
from it by the method of Blish and Sandstedt".
The products were washed with acetone and ether
and dried in vacuo over cone. sulphuric acid to
constant weight.
Adsorption isotherms of benzene and carbon
tetrachloride from vapour phase were determined
at 35°± 0.020 using the McBains balance technique
employing quartz fibre spring (sensitiveness 18 cm/g).
0·2 g of the protein sample was taken for the experi-
ment in each case. Equilibrium was attained
after about 2 hr at lower relative vapour pressure
(r.v.p.) and 4 hr at higher LV.p.
Adsorption of benzene and carbon tetrachloride
from their solutions in methanol was studied by
mixing 0·2 g of protein with 5 ml of the solution
in a stoppered pyrex glass bulb which was then
sealed. The contents were shaken mechanically
in an incubator maintained at 35° + 0·05° for
24 hr. The change in composition was -determined
using a highly sensitive interferrometer.
Results and Discussion
Adsorption isotherms of benzene and carbon
tetrachloride from vapour phase on the various
proteins (Fig. 1) are of type III unlike those of
water and methanol reported earlier--" which are
generally of the type II of the BET classification.
The isotherms of type III are characterized by a
much smaller intensity of adsorbate-adsorbent inter-
action compared to those of type II. The values
of lyophobic surface area, as obtained using BET
equation, are recorded in Table 1. It is seen that
the values obtained from benzene and carbon tetra-
chloride isotherms are of about the same order but
very much smaller than the values for lyophilic
surface area obtained from methanol isotherms-
(Table 2). According to Bull and Breeses, the two
kinds of surfaces are expected to be of the same
order. Tristram" has also shown that the non-polar
lyophobic residues of most proteins constitute at
least 35-50% of the total surface. It appears that
the presence of polar sites inhibits the sorption of
non-polar vapours. The. hydrophobic-hydrophobic
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TABLE 1 - LYOPHOBIC SPECIFIC SURFACE AREAS OF PROTEINS AS OBTAINED FROM BENZENE AND
CARBON TETRACHLORIDE VAPOUR SORPTION ISOTHERMS
Specific surface area
(m2/g) corresponding to
sorption at 0'95 r.v.p.
Description of the sample Specific surface area (m2/g)
from BET equation
Benzene Carbon
tetrachloride Benzene
Whole Punjab soybean No.1 protein
Glycinin fraction of Punjab soybean No. 1 protein
Whole peanut protein
Arachin fraction of peanut protein
Whole wheat gluten
Gliadin fraction of wheat gluten
Glutenin -fraction of wheat gluten
20
14
22
18
15
19
27
169
101
189
f28
101
112
121
44
14
37
23
11
13
21
Carbon
tetrachloride
165·
110
190
131
88
144
171
Description of the sample Totaf specific surface
area (m2/g) from
TABLE 2 - TOTAL AS WELL' AS LYOPHILIC AND' LYOPHOBIC SURFACE AREAS OF PROTEINS OBTAINim FROM
'COMPOSITE ADSORPTION ISOTHERMS OF (i) METHANOL-BENZENE AND (ii) METHANOL-CARBON TETRACHLORIDE MIXTURES
Lyophilic specific
surface area
(mo/g) from
methanol isotherms=(i) (ii)
Whole Punjab Soybean No.1 protein' .
Glycinin fraction of Punjab soybean No. 1 protein
Whole Bragg soybean protein
Glycinin fraction of Bragg soybean protein
Whole peanut protein . .
Arachin fraction of peanut protein
Whole wheat gluten . . . ,
Gliadin, fraction of wheat gluten
Glutenin fraction o.f wheat gluten
332
265
385
307
365
285
443
462
500
337
270
394
314
373
299
458
480
512
174
160
196
180
182
166
136
178.
187
*Reference 2.
(i)
158
105
189
127
183
'119
307
284
313
Lyophobic
specific surface
area (m2/g)
obtained from
(ii)
. 163
110
198
134
191
133
322
302
325
interactions, being -generally of van der Waals
type, are expected to be much, lower than hydro-
philic-hydrophilic interactions which in many ·cases
may involve hydrogen bonding as well. Therefore,
in the case of sorption of benzene or carbon tetra-
chloride,· monolayer· may be formed only at a
pressure close to the saturation vapour pressure:
The values obtained from the sorption of benzene
as well as carbon tetrachloride at 0·95 r.v.p. are
included in Table 1 and are seen to be relatively
closer to the values of the lyophilic area referred
to above.
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Composite adsorption isotherms of binary solu-
tions of benzene and methanol are given in Fig. 2.
Such isotherms are generally expressed by Eq. 1.
!1x
no- =n1 (I-x) -n~ (x)m .•.. (1)
where no is the' total number of moles of the two
components when the mixture is brought in contact
with m grams of the adsorbent, !1x is decrease in
the mole fraction of one of the components by the
transfer of ni moles of component 1 and nz moles
of component 2 on the surface of 1 g of the adsorbent
and x is the mole fraction of the component 1 at
equilibrium. The concentration axis, in each iso-
therm (Fig. 2) represents the mole fraction of metha-
nol in the liquid phase at equilibrium (x), while
the ordinate represents. no !1x/m, where S» is the
decrease in mole fraction of methanol at equilibrium.
It is seen that !lx increases with increase in x' till
the mole fraction approaches a value of 0·1 or. a
little more and then falls continuously thereafter.
The value of !1-x, however, does not become negative
at any stage which shows that methanol is preferred
to benzene or carbon tetrachloride for all the proteins
and at all concentrations. The observed differences
are of degree and not of kind. This is in keeping
with thefact the lyophilic -.lyophilic interactions
are much stronger than lyophobic -lyophilic or
lyophobic - lyophobic intractions.
The V-shaped composite adsorption isotherms
(Fig. 2) are of type II of Schay and Nagy classi-
fication-". These indicate that adsorption of the
preferred component is so strong that at concentra-
tions equal to or greater than that corresponding
to the maxima in the graph, the second component
0.5
(i.e. the less preferred component) is expelled a1m?st
completely from the surface. The linear section
of the isotherm (following the maxima) represents
constant composition of· the monolayer and its
extrapolation to. x = 0 gives- an intercept on the
ordinate which corresponds to -the number of moles
of the preferred component in the -monolayer cover-
ing the entire surfacew. This fact has been used
to determine specific surface areas of lyophilic
substances such as silica gel, clayslO and casein+
as well as lyophobic substances such as carbon
blacks and activated carbons-P-P. The .specific
surface areas of the various proteins as obtained
from the composite isotherms of benzene-methanol
and carbon tetrachloride-methanol solutions are
given in Table 2. It is significant to note that
the values obtained, from both the systems. are
in good agreement .. The lyophilic surface area
as obtained from methanol vapour isotherms-
(Table 2), being part of the total surface, is seen
to be much smaller as expected. The difference
between the total surface and lyophilic surface may
be taken as a measure of the lyophobic surface area.
Values of lyophobic surface area are also give?-
in Table 2. It is seen that lyophobic surface consti-
tutes nearly' half of the total surface in the case
of both varieties of soybean' proteins and peanut
protein which is in agreement with the results of
Bull and Breese" and. others- for some of the animal
proteins from theoretical considerations based on
amino acid composition of these materials. How-
ever, in the case of glycinin and arachin fractions
the lyophobic surface is only about 40% of the total
surface .. This. may be due .to the presence of a
relatively more folded configuration of polypeptide
chains which is caused by .their isolation from a
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neutral salt medium like sodium chloride", In
the case of wheat proteins and its fractions (gliadin
and glutenin) the lyophobic surface constitutes
nearly 60% or more of the total surface. This
appears to be due to the unique amino acid com-
position of these materials which are deficient in
charged amino acids but have high contents of
proline. an amide containing residue of glutamine
and amino acids with long aliphatic side chains.
The high level of proline disrupts the ec-helical
structure of the polypeptide chains thereby exposing
relatively more hydrophobic surface. This is also
the reason for a much larger total surface of these
proteins.
Equation (1) by itself does not give individual
isotherms of any of the components since the values
of n~ and n~ at various concentrations are unknown
quantities. Assuming the adsorbed layer to be
one molecule thick, Kipling and Tester- have sug-
gested Eq. 2.
ni + n2 =1 ... (2)
(nDm (n~)m
where nf and n2 are the number of moles of com-
ponents 1 and 2 respectively, adsorbed on 1 g of the
adsorbent in equilibrium with liquid solution of
mole fraction X and (n~)m and (n2)m are the mono
layer values of the components when adsorbed
separately on the adsorbent and these can be cal-
culated from a knowledge of the surface area of the
adsorbent and respective molecular areas of the
adsorbates concerned. Taking total surface areas
of the proteins as obtained from the composite
isotherms (Table2) and molecularareas" ofmethanol,
benzene and carbon tetrachloride as 16'7. 44 and
37 A2 respectively. the individual isotherms were
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calculated by combining Eqs. (1) and (2). ?-,h~se
isotherms are plotted in Figs. 3 and 4. It 1S lll-
teresting to note that the sorption of methanol from
its mixtures with benzene (Fig. 3) or carbon tetra-
chloride (Fig. 4) increases with increase in its mole
fraction x, till x approaches the range 0,15-0,2.
Below x::::: 0'2. there is simultaneous adsorption of
benzene or carbon tetrachloride (as the case may
be) but beyond that there is no more adsorption
of methanol or benzene (or carbon tetrachloride).
the monolayer having been completed. It is seen
that the adsorption of benzene (or carbon tetra-
chloride) occurs only when its mole fraction. (l-x),
lies between 0·8 and 1'0. i.e. in the range of con-
centration at which the surface is not yet fully
covered by methanol. The individual isotherms
of benzene (or carbon tetrachloride) lying in this
narrow range of concentration. however. show a
steep rise as (l-x) approaches unity.
It is also significant to note that while maximum
adsorption of methanol is observed when its mole
fraction in either of the systems is close to 0'2,
that of benzene (or carbon tetrachloride) occurs
when its mole fraction. I-x, is close to unity. In
the first case. the entire surface is covered
by methanol While in the second case the entire
surface is covered by benzene (or carbon tetra-
chloride). This is borne out by the data recorded
in Table 3. The total surface area calculated from
the sorption of methanol (when x = 0·2) from its
solutions in benzene or carbon tetrachloride and
that calculated from the sorption of benzene as
well as carbon tetrachloride (whenthe mole fraction
of these liquids in their solutions in methanol is
almost unity) agree fairly well. The values agree
also with the total surface area obtained from com-
posite adsorption isotherms (Table 2).
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TABLE 3 - TOTAL SPECIFIC SURFACEAREAS AS OBTAINED FROM INDIVIDUALADSORPTIONISOTHERMSOF
METHANOLAND BENZENE (OR CARBONTETRACHLORIDE)FROM THEIR MUTUAL SOLUTIONS
Total specific surface areas (m2/g) obtained from
individual isotherms of
Whole Punjab soybean No. 1 protein
Glycinin fraction of Punjab soybean No. 1 protein
Whole Bragg soybean protein
Glycinin fraction of Bragg soybean protein
Whole peanut protein
Arachin fraction of peanut protein
Whole wheat gluten
Gliadin fraction of wheat gluten
Glutenin fraction of wheat gluten
Methanol-benzene Methanol-CCl,
------------
Methanol Benzene Methanol CC1'
335 330 340 332
265 264 270 266
380 375 395 367
307 302 315 310
365 348 375 300
280 270 295 266
441 435 452 400
461 422 475 444
500 475 510 466
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